The calculations of asymmetries of polarized electron-proton scattering at s=10 2~1 0' GeV 2 are performed within SU (2) XU (1), SU (3) XU (1), SU (2) LX SU (2h XU (1) and SU (2) L X SU (2) ·;XU (1) LX U (1) R gauge models. Determining the allowed regions of parameters in each model compatible with the present experiments, we predict the behavior of the asymmetries at high energy (s;SlO' Ge V 2 ). The future experiments on high energy e-p collisions, for example at TRISTAN, may give some important information to discriminate the various gauge symmetry models.
of the left-right gauge symmetry.
Even though there are various phenomenological constraints to the structure of the weak interactions at low energies, the abundant structure of them is expected at s?::-Mw'· A piece of the important information of them will be obtained from the e-p colliding experiments, for example, at TRISTAN (s<10 4 Ge V').
The purpose of this paper is to predict the asymmetries of polarized e±-p scattering at s = 10 2 "--' 10 5 Ge V' based on these gauge models. The asymmetries are defined by
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where (J (ep) 1s the deep-inelastic electron-proton scattering cross section at g1ven
x, y and s, where x and y are usual scaling variables and Q' = sxy. These asymmetries are caused by the parity violating terms of the weak neutral current interactions. At low energies, they are in proportion to the strength of the parity violating terms as shown by several authors. 9 l At high energies, however, the contributions of the parity conserving terms to the denominator are not negligible, so that we can obtain some information on both parity conserving and violating terms.
The calculations are made in the framework of the quark parton model using parton distribution functions parametrized by Barger and Phillips. 10 l The QCD corrections give significant deviations to (J (ep) from the scaling limit predictions.
However, we show later that their corrections to the asymmetries are sufficiently small, which are calculated using the Q'-dependent parton distribution functions parametrized by Buras and Gaemers.ll) Thus, the asymmetries are good sources of information on the weak interactions at high energies.
First, we describe the models studied in this paper briefly. To obtain allowed regions of parameters in each model, we use the results of Abbott and Barnett") and the asymmetry data of polarized e-d scattering at SLAC. 4 l A. standard model 1 ) (2) We write here only an electron sector, and the other sectors (!J., r, ···) form the same type of the multiplets. The same ellipsis is made in the following models. Neutral current interactions are described by
where J:.m. is the electromagnetic current, and L~t (1-t 5) and R=~ (1 + T5).
In the standard scheme, Z-boson mass is given by vacuum expectation Yal ues of doublet Higgs scalars as g2 J'l: 
where vve denote SU(2) L-doublets in the vertical direction and SU(2) R-doublets in the horizontal one. The parameters in this model are defined in the same way as those of model B. The additional neutral gauge boson, X, interacts as
+ ~ tan 2 e(v,r"Lv,-er"Le+ ur"Lu-dr"Ld-2J~. m.)}.
The allowed regions of the parameters are represented roughly as sin 2 (} = 0.16
The general treatment of this model is complicated, because there are three masslVe neutral gauge fields. Thus, we study the special case where the present neutral current phenomenology at low energies is exactly the same as that of the standard model. First, we assume that SU(2) R X U(1) R breaks down to U(1) at suf-ficiently large mass scale. vV e choose remaining two massive neutral gauge fields as intemcting by
Furthermore, we assume that the mass eigenvalues of neutral weak bosons, lv11 and AI,, are given by
where a is the nnxmg angle of Z" and Z'' defined as Eq. (7), and O<tan a <-/sin' tJ /(f-Zsiii' tJ). ~Tv11 goes to zero as a-+0, and in this case M, = (Mz of the standard model). By these two assumptions, the neutrino-induced neutral current and the parity violating terms of the electron-induced one in this model have exactly the same structure as the standard model at low energy limit in contrast to the high energy behavior and the parity conserving terms. In this model, sin' tJ = 0.22~0.24 and a= o~0.22rr from the low energy phenomenology.
Model B is a vectorlike model. Hovvever, the parity is still viplated at infinite energy as for the ordinary fermions, because the fermion mass eigenstates are in the different representations between left-and right-handed multiplets. Model C and D are left-right gauge symmetric ones. In these models, the parity violation vanishes at infinite energy, where gauge boson masses can be neglected, and the asymmetry predictions are expected to be small compared with those of the standard model. Novv, we describe the results of our calculations. We calculate the asymmetries versus s (s<10 5 Ge V') at .x = 0.5 and y = 0.5. The kinematical behavior of them depends mainly on Q' = s.xy, so that we can see easily their behavior such as propagator effects in s (Q') -dependence at fixed .x and y. At smaller .x, the QCD corrections may give the significant deviations from the exact scaling predictions, and the behavior of them depends on the structure of the quark distribution functions. In models A, B and C, we calculate them in whole allowed region of parameters as mentioned above to clarify the discrimination of gauge models. The predictions of the standard model are given in Fig. 1 , where the QCD corrections are also displayed. As shown in Fig. 1 , the QCD corrections do not give significant deviations to the results. The differences between the results using the other parton distribution functions are also small. These are also true in the other gauge models, where we do not show in this paper, but have calculated with some typical cases.
The results of the SU (3) X U (1) and SU (2) L X SU (2) R X U (1) gauge models are shown in Figs. 2 and 3 , respectively. The predicted regions of these models inc] ude those of the standard model, because the structure of neutral currents in these models is consistent with that in the standard model in a limit lvf,-+oo and a-+0.
It should be mentioned that we have used only the results of Abbott and The positron asymmetry A+ in model B and the electron asymmetry J-i-in model C change their sign at Q'?:':10 4 Ge V'. Typical beha,•ior of the predictions in these models are shown in Fig. 4 .
In the SU(2) LX SU(2) R X U(1) LX U(1) R gauge model, vve calculate in the special case, Eqs. (11) and (12), with parameters sin 2 (} = 0.23 and some vctl ues of a::. The results are shown in Fig. 5 . This model gives the predictions prominently deviated from the standard model at small a::. This is clue to the different structure of the parity conserving neutral current and small value of J\1 1• As a summary, the discrimination of the various gauge symmetry models will be clarified at s>10 4~1 0 5 GeV 2 by the asymmetries of e<p scattering. Especially, the SU(2)LXSU(2)RXU(1 )LXU(1)R gauge model predicts them from the standard model at relatively low energies (Q 2 =10 3 Ge V 2 ) . At the TRISTAN energy (s = 24000 Ge V 2 ) , the SU(3) X U(1) and SU(2) LX SU(2) R X U(1) gauge models are slightly distinguishable. In these models, a neutral gauge boson may have a smaller mass than 1'<1z, though the parameters of each model are constrained from the present phenomenology. If that is the case, some information of these gauge models may be obtained at TRISTAN by a careful observation of propagator effects. As the QCD corrections of the asymmetries are small at x = 0.5, the asymmetries are good observables to find propagator effects of the neutral gauge bosons.
Finally, further constraints on neutral current parameters in models B and C can be obtained from more precise experiments at low energies inc! uding the atomic parity violations. However, it is difficult to determine the parameters a and r =JlJ 2/ll11 (a::<0.6, r>3) more precisely. If a=O and r= oo, gauge symmetry is 
